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ABSTRACT * % 

' This report describes a proje^ to develop and test a 
number of individualized vocational physics modules designed to be 
laboratory-prid'nted, written at the lowest reading level, and 
supplemented with audiovisual materials. The report includes 
descriptions of the procedures used to. develop, p^-lot test, and ^ 
disseminate the materials. Each of the five developed modules (on 
Jacks, Thermometers, The Alternator, The Pool Table, and The 
Radiator) and ^he 15 sound/slide programs are described. Tabulated 
results of the^ student and instructor evaluation of the materials 
appear in tables. Evaluation results priesented include the following: 
(1) Interviews with students and instructors and the evaluation data 
indicated that the materials are a worthwhile departure from 
traditional physics, (2) high initial student interest supported the 
contention that the vocational education student ptefers an 
application-oriented approach, a^d (3) on the negative side, it was 
found that the materials do Aot adapt well to traditional classroom 
techniques and that instructors without appropriate backgrounds have 
difficulty .with some of the mcrdules. Appendixes consist of student 
prerequisite^ and pbjectives for the five modules a)id the student and 
instructor evaluation checklists. (NJ) 
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INTRODUCTION 



This projeet was done because of the'need for jG;obd instructional 
^materials iri*physics for vocational S-frudents. Ex is tine? , commercially / 
availaMc toctboQlcs , workbooks,, and laboratory manuals- are inadequeitc - 

for iS^erai re axis . 

, ^ ■ * 

"A. The reading ability required to use them i^ too high for most 
.vocational students, 
. B. The level of mathematics is too high. / 

C. Most importantly, they do not deal with the \ real world as the 
.^vocational student sees it. They do not adequately emphasize 
the relationship between ^physics and the stUqients vocation ^ 
.As a result, of the poor instructional materials, a student oftfns 
perceives the course as academic arid completely irrelevant/to hixn. 
• An earlier attemp:: at individualizing vocational physics at Forsyth 

Technical Institute failed. The materials deve;^oped then allpwed ior 
various Ijeaming rates and correcteti the .reading level and mathematical 
difficulties. It failed because it did riot directly associate physics 
with the studenL's vocational interests. When the student became a more 
active fearner by using individualized materials , he became more 
critical of the relevance of the subject matter. 

r The basic idea^ behind the ORU jiroject was borrowed from the Pliysics 
of Technolo52;y Project sponsored by the American Institute 6f. Physics, 
They developed some modular materials which presented physics as it ' 
pertains to certain technological devices. ^ Th? materials were written, 
for Associate Degree^technlcal stiicferits and used; some jrather esoteric . 

devices. \ ' " .' ' . v-*" ' ^ ' \ - ^ * 

•centered, lcar^in^!;"'module the ORU ^ " 



Usirie the idea of the 'device 
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project began. The objective was to • develop and "test a' Aumbei? of • 
vocational physics modules with the following -characteristics . 

1/ Individu:il). '^^d. modules whicK present the. physics as it is 
' found in some real device, fami^^iar to the vocational 

* student. ' * ' ^ 

2. Written at the lowest possible. reading level and includlfi^ 
only the absolutely essential mathematics. /. - 
. 3. Laboratory oriented, requiring the student to learn physics* 

c ' - • 

by using the'de/ice. ^ .* - 

- . ' • ' ' ■ . " . '^'^ 

4-. Wupplerfientcd by aud io- visual materials developed to, accompany 

' ; " • ■ . ^ , . 

the onodules. * ■ ^ ' - * 

.. .\ ' ; " ■ ■ 
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II . BODY ' , . • ' , • , • 

II. A. Product Development ProGedure . ^ - *''..''.. 

J *. ^ * . ■ • ' • * 

• , . ^ ' 

The procedure used to develop the materials was 'a«: follows . / -y 

1. A '^st of possible module titles was'^a^e and ^the ph^^ics . 

* ■ ' <* \ " V ^ , • - . ■ f 

that could be tE^ght by each was -"'out lined.' .A letter was 

• ■ 1 ' * ' ' '* , " ' ' - 

sent to the vocational physics Ipetructpi? at each sohdol 

* • ■ * • " 

in the Community College system ejtplaining. th,^ project 
and asking for comments and suggest Ions. ^ 

2. The modules to be developed during the project were ^ . 

' ^ chosen based on the relevance "of the physics tQ \focational -"^ 
'students/ The sequence -of development wa€f arranged 
^ * ^'ccordlng to lead time necessary to ^olJtaln equipment. and 



s.upplies . . - ^ * . 

A module format was' designed and the first ' module (and 
* subsequent modules) was developed using the following 

. Steps: ^ \^ 

a. Equipment a^d supplies were purchased and all 

> , possible vQTidor-supplied and otherwise avail^le 

information about equipment was assembled. / 

b. The content of the module w as outlin ed and the 

. laboratory exercises were designed. ^ 

, c. A rough draft of the module was written. and copies 

sent to each member of a forn^tlve advisory ^ 

committee. The committee mpmbers were: ^ 

Dr. C. B. Clark, Head of Physics Department, ' 

University of North Carolina 
at 'Greensboro 
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Dr* Ernest Lfe/^ Prof ess or of Education, 

^ , ^University of North Carolina 
»/ at Greensboro 

Grace B. Corey, Head of Department of Related . 

Technical Instructrion, Forsyth 
. \ Technical Bistitute 

George K&hl, Diesel I.istru.itor , Forsyth 
^ ^ Technical Institute 

* ' ^ . ' ' . *• 

Le^py Foster, Electronics/ Instructor, Forsyth 
Technical Institute \ ' 

Audrey Kirby, English Instructor, Forsyth 
Technical Institute 

d. Suggestions made by- the formative advisory 

committee were incorporated into the module and 

a final copy was written and illustrated. (The 

use of the formative advisory cCMttnittee was / 

abandoned after the thirxi module due to the ^/ 

unacceptable time delay irivolved.) / 

e Sound/slide programs were developed to accompany ^ 

• . . . . . . / 

each module and audio-visual' catalogs were 

researched to identify other potentia/lly useful 
Vmaterials. Those identified were pi'eviewed and 

listed in the module if found sul;lfable.^ 
f.. Tlie modules wci.?G printed in quaritity anckthe 

audio cassettes were recorded/and dupli<??ited and 

tl^ slides were duplicated ai]id collated. 
An instructors manual was written whicj^ itemized all the 
equipment and supplies needed * for el^ moc^ale. DrawTings 
were provided for the equipment to , be fabricated. Vendor 
names and addresses were listed for equipment not found in 
the usual physics laboratory and for all commercial audio- 
visual materials. 

8 ^ ' -^ 
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Description of Produdt » ^ • . ' ' 

— 7 •■ ^ ^ 

Five* modules were developed.' Each module consisted of a lis-p 

of pre-requisites , the' objectives o^, the module , and the subject 

content divided into two to five sections. , One version of aa 

post-test was x^ritten, keyed to the objectives. The pre-requisites 

.;nid oh^e .^ '^'^'^ of each module are listed in Appendix- I , 

*!* " Fifteen sound/slide programs were made. Exdept for the first 

module, each sounVL'^s*tide program was keyed "to a specific section 
* ■ ♦ 

of a mbdule. The sound, cassette included an audible signal for 
changin^^ slides. Again. with the exception of the first module, 
each sound/slide program included student interact"ive material in 
the form of questions to be knswered at two or 't:hree points In tAe 
program. - 

The five modules and fifteen sound/slide programs ai^'e described 
below. ^ ^ 

V' 1. JACKS ^ A STUDY OF SIMPLE MACHINES 

(4^7 pages, 5 laboratory exercises, 20 hours) 
Three common types . of jacks are used to illustrate simple 
machines ^and combinations of simple machines. The most 
I imtjortarit concepts developed are work, energy, efficiency, 

mechanical advantage, and stress. The s*ection on load 
limitations adds reality by discussing types^ of stresses 
that develop in materials under load and how the material 
i*eacts.' 




"Simple Machines and the^^oncept of Work" 
51 slides, time 12:05 

« 

' '-'Using Jacks" 

55 slides, time m:10 
"Load Liftiitations" ' . 
31. slides, time 8; 20 

2. THERMOMETERS 

(39 pages, 8 laboratory exercises, 20 hours) 
After distinguishing between temperature and heat; tho 
operation of different types of thermometers is described^ 
The -fTiost important concepts developed are temperature, - 
heat, thd^al expansion, gas laws, and* thermal-elRctrical 
interactions. Thn work with thermocouples and thermistors 
br^lJgs the studen": up to late on techniques used to 
me^asure temperature. This module requires no matliema tical 
calculations. 

'^Temperature" and Heat'' ^ . 

36 slides, time variable 
"Expansion Thermometers" 

46 slides, time variable 
'^Electrical Thermometers"- / ^ ' 

42 slides, time varlst^e- , 

3. THE ALTERNATOR 
(6*^ pages, 13 laboratory exercises , 30 hours) 

Without presuming any pr'fror knowledge of electricity, 
^the student is guided through the operation of an 
automotive alternator. T}i'^ most important concepts 
developed are electric cha^rge, current, electric potential. 
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resistance. Ohm's Law, electro-magnetic interactions, 
series jand parallel circuits,, energy, power, and 
efficiency. Skills are developed in the use of vpltineters 
ammeters, ohmme*ers and the oscilloscope. ^ ^ ^ » 
"Current Electricity'' 

55 slideB, time variable 
"Magnets From Elect ric|||j^'V » ' . / ' 

37* slides i time variable / ^ ' ' . 

t. ^ 

"Electricity From Magnets^' . - . / 

^ 38 slides, time variable v ^ 

"Energy Conversion" ^ 

59, slides, time variable -/* 

> " [ 

THE POOL TABLE ^ \ 

(29 pages, 5 laboratory exercisies , T-5..houi^s) 

Basic mechanics and. interactions .between movtog bodies is 

studied, using a pool table. The most impoi?tant concepts 

developed are speed, velocity, acceleration, force, mass, 

momentum, and kinetic energy. Stroboscopic plfiotographs - 

taken, with a Polaroid camera of balls in motion are used 

to calculate velocity^ acceleration, momentum and energy . 

The nop-destruotive collisions" ^llow for confirmation of 

the conservation laws. ; 

"Velocity and Acceleration" - \ 

27 slides:, time variable 
"Force and Mass". 

24 slides , tijrfe variable 
"Momentum and Energy" ^ ^ 

31 Glides, time variable 



THE RADIAfOR . • ' ' ' • 

(19 pages , ^^ laboratory exercises, 10 hours) 

* '"^^ ■ ' ' \ ' 

A ..small autorhotlv^ radiator Is us^d to determine thte 

factors that affect heat transfer, ^he most inpoirtant 

conq^pts developed are temperature, heat, conductibn, 

* radiation, cdnvectioR; ^nd specific heat. This module 

pe(juires no mathematical calculations* ^jf^^ 

"Conduction and Radiation" . 

, ^+2 slides, time variable 

m 

"Conduction and Convection" ^ « 

3»+ slides, tajne variable 



THE'RApiATOR L : ."■ .v , .v . 

b ' " ■ - ■ ■ i - - ' ■ ^ . ; - * 

•• •■ . . w ■ . . - ■ • ' . ■ 

*(19 pages 5 U-^labpMtory exerolses^ 10 'hours) ^ " - . * 
A sniall mutOTnotiv^ radiator la used^ to, deterTOlne the 
fact ore ttiat af f e^ct Tfeat transfer^ ''Hie' Impor^nt 
bpngeptf develpgW^^ 

MdlatlonJ cbnVec^lbn, Mnd apeelflc heat^^Thltf modiile 
requires no mathematical oalculatlons* ^ 
"Conduction and Radlatlm-^ ^ ' ^ . 

^ M^S slides 5 time variable ^ 
"Conduction and. Convection" ,^ ^ 
34 slides 5 \time variable ^ ; * " 
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^11, PILOT TEST PROCEDURE 

The Nopth Carolina Department of Community Calleges nominated 
twQ^^Kjt^llS/f- o participate in the pilot test of the 'Tnaterials . 
J^^^^HR^Hk|psen were evenly divided ^ en the western ,^ piedmont 
aii^ sections of North Carolina . iliey were evenly 

divided between primary urban and primarily rural locations. The 
presidents of the schools selected were notified by letter on 
t June 18, 1975, and asked to identify a contact- person for the pilot 

X 

tost. The contact persons named by the various presidents were 

contacted by letter on July / - ^5 1975. They were sent a 

I 

description of the project, a list of equipment and materials that 
tlu^y would linve to provide, and invited to a workshop. 

A worksliop. was- held at Forsyth Technical Institute on Au.^^ust 
M, *107S. The purpose of the worksliop U;as to introduce the 
* Jnstnictors participating in tlie pilot test with the materials 
Involved and to distribute tlie modules, tests, sound/slide pro^t^rams 
and histiHictor ^ s Manuals. Seven schools sent instructors to the 
worksliop. 

The [)xlot tc^st was sclieduled to be^in durinj^ the fall quarter 
j>r L07S. V^ery little testin?^ was done until the winter quarter, 
linwc^v(^r, (lu(^ t()\lelays in* acquiring equipment and supplies. Since 
s(^veral of* tlie most important pieces of equipment wc^re not 
traditiop.al physics apparatus, they did not appear on the North 
Carolina Department of Community Colles^es' equipment list. All the 



it(^ms (^xcopt one were addend to the equipment list on December 'J, 
in7S. Vis its were made to all hut one of the pilot sites durin,^ 
thc^ early phase ol' the t(\st. The purpose ol' the visits was to 
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verify the validity of the test' with respect to the adequacy of 
facilities and course management arid also to obtain immediate 
feedback from instructors and students involved. Visits are • 
listed below. 

Octr r ^fjjji^y^ - Fayetteville Technical Institute 
October 1975 - Richmond Technical Institute 

October 27 , 1975 - Beaufort Technical Institute . 
October 27^ 1975 - Wilson County Technical Institute 
November 18, 1975 - Richmond Technical Institute 
The visits were made by the project director and ORU personnel 
and, on the November 18, 1975 trip, accompanied by the director 
of the North Carolina Department of Community Colleges Curriculum' 
Laboratory. 

The instructors participating in the pilot test were given a 
recommended test procedure but were invited to modify it to suit 
*their own style of teaching, only required data was a student 

('Valuation and instructiPr nvnluation of each module (see Appencllx II) 
and the romplpted post-tests, , 

Tlie soopo of the pilot te^st was limited by several factors. 
In some oasrs acquisition of equipment was delayed *until tl.e 
vocational physics classes had been completed for the y^^r. In 
othf^r ons(^s , the . Indlvldurilized nature of tlie materials were not 
eompatable wltli tbe teaching styles of the Instructors * involved or 
tlie level of technological content of the materials was outside the 
experience of tlie instructors. Tlie materials were tested on 20 
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students at Forsyth Technical Institute but the results are not 
tabulated in th(^ following section. The classes at forsyth 
Terhniral Institute were conducted by the pro,iect director. If this 

14 
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data had bpen .tabulated the bias involved may have reduced the 
validity of tho pilot tost results. 

JIESULTS OF PILOT TEST * 



if 



ITie results of tho student evaluation of the materials are 
tabulated^ in Jables I through VI 1 The results of th^ instructor 
vnluation are tabulated in Tables VII through XII. 
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Table I i 

SuiTunary of Student Evaluation - JACKS 



SUMMARY or COWNTS 

'iild bo ^un[)lifir^ 1 
)wLoc1^c^ t TMA a-rt ^MA is not iseful, 
iiipmont Ld not v. k r .i;ht". .) 



(1) 





33 

1 

_ 1 . 


Yes 


Mostly 
Yes 


Mostly 

No " 


1 

1 

1 

1 
1 


1. 


Did you understand the objectives of the 
module ?• . 

. I i 1 


12 


5 


9 ' 


/ 




Do you think the objectives are 'worthwhile V 

.1 . _ _ _ ^ 


9, 


6 


7 


11 


% 


Was the module eas\ j read? 




6 


6 ■ 


7 


M. 


Was tlie reading interesting? 


12 




5 


12 


^. 


Wert^"" tlie lab exercises worthwhile? 


IS 


i 8 


3 


^ 


f). 


Was the lab equipment appropriate? 


26 * 




0 




7 . 


Did the equipment work well? 


20 


5 


2 

1 

1 1 


•5 , 


H. 


Were you able to do the ^calculations 
ijivolved'.^ 




8 

4 


5 


10 


'). 


Wore ^ ati a'bl( to uge ^ nodul w -hout 
lot f ""^^i' I'rom ycH^^tear-her 








12 


10. 


i( ^h- fi€lui<">- visual -^prinls hel yra to 

!iu :^starul rlio onncep'a?^ 








1 n 

— I 


11 . 


Die rlu^ tost it 'the r ||||: ivesV 




3 


i 


12. 


Will thc^ knowlod^i;o that you seined from 
this module help you in your vomtion? 


i 

U- . 


-5 V 
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Table II , \ 
vSummary of Student Evaliiat ion -' THERMOtCTERS\ 
N = 45 ■ ' \ \ 


* 

V. 

CO 


Mostly 
Yes 


Mostly 

■No ■ • • 


o • 


1 nid von nndersliand "the obiectives of "the 
module? 




13 


1 




2. Da ^you think the objectives are v7orthwhile? 


26 


\o 


3 


6 


' Was, the modlile easy to read? ^ 


25 




4^ 




Was the reading interesting? 


'12 


15 




8 


. Wer<i the lab exercises worthwhile? 


2D 


17 


\ 2 




C). Was the l^tb equipment appropriate? 


30 


10 




3 • 


bid the equipment work well? 


21 


20 


1 \ 


3 


Wert able to do' tlie calculation- ; 
invo (d? ' ' 


1- 


18 


5 


\ 7. 


Wore vou able to us^ this rnodtfle vsHL: ^ut 
n l ot v^r help from ^ur tea -her?. ^ 


i 


IM 


8 




Did tiie aiulio- visua^ materials help ^ to 
Lindorstand the concepts? * : ^ 

_ : ^ ^. , 


IH 


2 


5 ^ 


nic! tin test fit trie objectives? 






2 


VVil tht' knov>^ledge that yow gained 1 rom 
;t\^\- 'lociule help you in your vocation? 


11 


. 7 


13 ' 



0 



ilMMARY . C():W,NTS 

Ni'Pds' more niu 
Not ivinnRh writ 
Shon Id br'sinipl 
IJso (irnl trsts. 
Should r}nt bo i-h 
• V(M' ' 1 nny!;er lab 



isunls. (2) 
information. 
..'d. (1) 

L) 

ised. fl) 
mo. (2) 
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Table I 



Summary of Student, nv^^luation - THE ALTERNATOR 



M 17 • . _ 


Yes 


Mostly 
Yes 


Mostly 
No 


c 

■ — 


1. Did you understand the objectives of the 
mpdules? ' ' 


10 


6 


0 


- 1 


— V « ' 

2, Do. you think the ob^ecti\/es are worthwhile? 


13, 


3 


0 


1 


Was the module ea;SiL.-t^ read? 


6 


10 


0 


1 


Was .the reading interesting? 


7 


7 


2 


1 


5. Were the lab exercises worthwhile? 


11 




0 


0 


6, WaH^ the lab equipment appropriate? ' 




U 


0 


5 


7. r the equipment. work well? 


6 


5 


5 ■ 


1 


8, ^re you able to do the calculations 
, involved? 


8 


/ 


0 


2 


9. Urre you able to use, this module without 
a lot of help from your teacher? 


5 


^ 1 


L 


10. Did the .audio-visual materials help you to 
understand the concepts? 


l^ 




0 


b 


11. Did the test fit the objectives? 


7 


9 


0 




\2. Will the knowledge that you gaine 
this jjiodule,^lp you in your voca^ 


10 


li 


u 






hi 



SUMMARY OF COMMl^NTS 

Nprd mnrp timr for module. (5) 
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Table JV ' V . 7 1 
Suinmary of Student - Evaluation^; THE POOL | 
N ^ 40 " / ^ .- 7 

■ . - •/ 


CABLE • 


Yes ' 


1 

Mostly 
Yes ' 

.. . _ .. 


t ^ 

< 

rH 
■M 
Ul 


o 
z 


i. uiu 3^^^ LinQ6i?§,Trana rne odjgcti/vgs oi 
moduli' ' 1 ' / 


lane 


15 


21 


3 


1 


2/\Do you t'^nk the objectives are worthwiiile? 


16 


17 
18 


r; 
1 


1 . 

<i 


3, Was the module easy to read? 




4. Was^he reading interesting? 


10: 


18 


10 


2 


5. Were the lal) exercises worthwhile 1 


.1 Q 


17 ' 


1+ 


0 


6 iVas tlir Lab equipment appropriate 


i 


2 9 


10 ■■ 


1 


0 


/ . Did the Mjuipment work well? | 


) 


20 . 


1 


0 


vrv yoi able to do the calculation^ 
Ijivolvec : 




12 


23 




1 


^ ' re yot able to use "fhis module vithout [ 
lot o help from ypur teacher? \ 


9 


18 




3 


— \- 

10. id The audio- visual materials hexp you to \ 
ndprstaju the concepts ^ 


:2 


15 -1 




J3 


11. Ld t^he t St fit the objectives? 


; '+ 


15 




0 


12, v'ill the nowledge that y :j;ain' i t rom 
this module help you in y( r voc:.::ion? 


\10 




11 


5 


SUMMARY OF COM^':ENTS 

^ Needs irore e:<planat i on . (^\ ) 

Need •» work on .t orin^^as . (2) 


\ 
\ 





En;ioy.::j^ » 

Needs .m orientation 
(;o(^d A Tiaterials. 



module. (1) 



) 
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•ral)lc V. 

Siiiiinviry ol* Student Kvaliiation - THE RADIATOR- 



N = 10 . . • ^ 

: 


Yes 


Mostly 
Yes ' 


Mostly 
No 


0 

:z 


1, Did you understand the objectives of the. 
module V 


s 






m 


■ IT' - ■ 

2, nv> you think the objectives are worthwhile? j 




3 


11° 


3...v; Was the mqdu'le ^ea^y to read? 


2 


4* 


1 


2 


Wa- rhe readihg interesting? 


3 


1 




2 


5. Wc the lab exercises worthwhile? 


1 1 

H 


■ 3 




b 


6. the lab equipment appropriate? 

. — — ' 


6 




1 


0' 


. 7. , D'i the equipment work well? 


5 




0 


H. / I . yau able t :> do the calculations 

i / V c u • . ■. , , 


U . 




.4 j . - 


1 


. ; — ' 

9. V« ^ r- you able to usfe*/^t:-his module without 
,f 1 of help from ■your teacher? 


0 


■■ — I 

6 5 


1 • 


1^. Did he audio- visual, materials help you to 
.incV sirtiad the eoncepts? 


■ 3 


6 


0 


1 


llj Did he test' fit the^qbj Actives? 




5 


1 




—— : — -^if^ '■ J 

12. .11' the knowledge, that you gained from 
^ :ii is module help you in your vocation? 

^* ^ r~ 




3 2 


2 



SUMMARY OF COMMENTS 

Should be simplified. ^ (1) 
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Table VI . / 

• - ' • - y \ 

Summary of Student Evaluations - ALL MODULES 
N = 145 



1; Did you understand ^he objecti' es the 
module? 



2. Do you^t^|Lnk t'le n ?ctives are worthwhile? 



. Was the module eas- ro read? 
, « — 

4. _Was the readln;^ inl*'^ resting? 



5. Were the lab exercises worthwliile? 



— — 

G. Was the lab equipment "appropriate '.' 
7. Did the equipment work well? 



CO 

. a; 



68 



69 



66 ' 



44 



69 



X CD 

- >H 



-8 



39 



CO 

o o 
2: z; 



14 



17 



12 



31 



11 



o- 



14 



20 



14 



26 



10 



105 



71 



St|. 



H. Were you able to do the Jcaiculations 
involved? • I 



'17. 



50 



i.^Wcre you ab_.e rro use .this mAdule without 
a lot of he : !i t'rom Vour teacher ' 



-10 



So 



10. Did tlie an '^^isua^ materials help you to 
understand if concepts? - 



11. Did the tcs Fit the onjectivesV 



12. Will the knowledge that you gained frbm^ 
this module liolp you in your vocation? 



57 



57 



75 



53 



46 



39 



15 



31 



12 



27 



22 



25 



3l^ 



0 
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Summary ii structor T iluation - JACKS 
N = 3 • . 



> 





^- 




CU 


CU 


CU 


CU 








03 


CU 


rH CU 


CU (0 




bo 




•H 


u 


bO U 


bo c 






CU 


o 


bo 


C bO 


CU o 




O CU 


CU 


CU 


CO 


o fd 


u a 




^ 


u 




CO 


U (0 


CU CO 




-M bO 


bO 




•H 


+J -H 


> CU 




CO <i; 


< 






C/3 Q 




adequately 








4 








5 


4 


3 


2 


■ 1 


4 



steted. 

2. The written materials are sufficient 1 

fbr students tb meet the obj^tives. 5 4 3^2 1 2.7 

3. Tlu» learning ivities are appropriate 

to iacilitate learning. ' | . 5 4is,2 1 3.7 

4, . The Mudio- visual materials are appro^ 
priate to vTacilitate learning. 

The test questions are approj^riate 
' ' measures of the objectives, f 5 4 3 2 1 ' 3.3 

(3. The format of the module made it easy . ' 

to use. 7 / 5 4 3 2 1 3 

7. The level of reading difficulty and 

mathematics required are appropriate 5 4 3 2 I 3.7 

for the students involved. 

R. Overall, this module is ver*y good for 

'use in teaching vocational physics. 5 4 3 2 1 3.3 



<xprrajnentH u>r improving' so as to get consistently good results. 

\ 

More working examples and problems are needed. 
Can be made in-^-D excellent module. 

Math requireme-^ T^s were too extensive. ^ 



/ 
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Table VIII 



Summary of Instructor Evalueition - THERMOMETERS 
N = 3 * 



C CU CU a bo^ S bp oj o 

U U U CO J^W QJW 

c/D< < :^ Q coQ <02: 



1, The module objectives are adequately 

stated. t+ 3 2> 



J 

2, The written materials are sufficient 
for students to meet the objectives. 



^ 3 2 1 2.3 



The learning activities are appropriate 

to facilitate learning. 5 3 2 1 3.7 



i[ 3 2 1 H.3 



3.3 



1^ ^3 



M. The audio- visual materials are appro- 
priate to facilitate learning. 

5. The test ciuestions are appropriate 
measures of the objectives. 

6. The format of the module made it easy 
to use. 

f 7. Tlie level of reading difficulty and 

ma tliema tics' requircv^ are appropriate, 
for the students involved. 

^ s. Overall, tlils module is very good For 
use in tc\'icli:Lng vocational physij;:s. 



SUMMARY OF CO>lMrNTS 

Module should be divided to two parts. 

Needs working examples of converting temperature scales, 
r^acks continuity. 

Needs some problems for studentit to work. 
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Table IX 

Summary of Instrtictor Evaluation - THE ALTERNATOR 
N = 2 



1. The module objectives are adequately 
stated. 

2. The written materials are sufficient 
for students to meet the objectives. 

3. The learning activities are appropriate 
to facilitate learning. 

If. The aduio- visual materials are appro- 
priate to facilitate learning. 

5. The test questions are appropriate 
measures of the objectives. 5. 4 3 2 1 4.5 

6. Tlic format of the module made it easy 
to ubse. 

7. The level of reading difficulty and ^ 
mnthematics required are appropriate 5 4 3 2 1 4.b 
for the students involved.' 

8. Overall, this module' is ^very good for 
use in teaching vocational physics. 



SUMM^RY OF COMMENTS 

Needs more instructions on use of meters, 
Add some ho;nowork exercises. 
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0) 












0) 




bO 




•H 


\^ 


bO u- 


a 0) 




o 


^bO 


C bO 


C a> 


a> 




cd 


o « 


T> u 


u 




cn 


^4 en 


^ bo 


bO 


c 


•H 




CO < 


< 


:d 




c/: Q 


5 




3 


2 


1 


5 


4 


' 3 


2 


1 


5 


4. . 


' 3 


2 


1 


5 




3 




1 


5 , 




3 


2 


1 


5 


4 


3 


2 


1 


5 


'4 


3 


2 


1 



ctJ O 
> QJ 

< Pi 



4 3 2 1 3.5 
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Tabic X ^ ^ 

Summary of Instructor Evaluation - THE *POOL TABLE 
N = 2 ' ^ 



Oq; q; Oco PCX 

^jLi jUnrj 03 U \n qjo3 



4J bO bO C -H P 'H > 0) 

^ ( on < < o cn,o <: fii 



The module objedtives are adequately 
stated. 



5 If 3 2 1 ^4.5 

2. The written materials- are sufficient . 

for students .to meet the objectives. 5 t+ 3 2 1 3.5 

^. Tilt? learning activities are appropriate 
• to i-acilitate learning. 5^+321 4.5 

Tlie aduio-visual materials are appro- 
priate' to facilitate learning.! 5 4 3 2 1 ^ 

5. The test questions are appropriate ^ 

measures of the objectives. ^ ^ 

f) Itie format of the module made it easy 

' ^ r.r. 5 4 3 2 1 4 

to use. J 

7. The level of reading difficulty and 

mathematics required are appropriate 5 4 3 2 1 4.5 

for the students involved. 



M. 'Overall, this module is very good for 
use in teachin;j; vocational physics. 



" 5 



SUMMARY OF CUMMfNTS 

Excellent module. 

explain some terms more clearly. 

Use more examples and prac;;tice problems. 
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■ Taile XI ' ~ - 
Spirmary-of Instructor^ Evaluation -"THE RADIATOR 

N=* 1 ■ . ' 



The .module objectives are adequately 
stated. ' ' . ' ' . 

2. The written materials are sufficient 
for students' to meet the objectiy^. 

The learning activities are appropriate 
to facilitate learning. 

Ik The audio- visual materials are appro-- 
priate to facilitate learning. 

5. The test questions are appropriate 
measures of the objectives. 

0. The format of the module made it easy 
to use. 

7. Tlie level of reading difficulty and 
ivathematics required are appropriate'^ 
)r tlie students involved. 

( u'-all, this module is very good for 
LS( in teaching vocational physics. 
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C CD 
O CU 
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bO 
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CD 
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CO 


bO 




•H 


< . 
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4 


3 


2 



4 3 



U 3 



>y CD 
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bO U 



U cn 

4J -H 
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CD 

CD CO 

bO C 



c bO m o 
o m u ^ 



CD CO 

> QJ. 



C/3 p < Dc: 
I 4 



2 # 



SUMM' ir OF COMMENTS 

Needs additional problems. 
Needs moipe illustrations. 
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Table XI . 

Summriry pf Instructor Evaluation'- THE RADIATOR- 

N ^ 1 * ^ •„ ' ' ' . - ^ 



1^ The moduie objectives are adequately 
stated. . 

2. The written materials are. sufficient 
for students' to meet the ^ objectives ^ 

3. The learnihg activities are appropriate 
to facilitate Learning, 

14. The aud±o--visual materiads are 'appro- 
priate to facilitate 'learning. ' , 

5, The test questions are appropriate^ 
measures of the objectives, 

6, The forniat of the module made it easy 
to use, ; 

7, The level of reading difficulty and 
mathGmatics required are appropriate 
for the students involved* . ^ . 

8, Overall 5" thife module is very good for^ 
use in teaching vocational physics. 



SUr#!^RY OF COr#ENTS : 
^ Needs additional probleftis. 

Needs mpre illustrations. 
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Table XH 

Summary of Instructor Evaluation - ALL MODULES 
N = 11 



0) 

' 9 H (U (U (0 

d (u (u 'a bo ^ &) §^ S 



S(p (u td did U 

+J bb bO C -H. 4^ -H > Q{ 



1. The module objectives ar^adequately 
stated. , 



5 i| 3 2 1 ^,1 



2. The written materials are sufficient 

for students to meet' tlie» objectives. ' 5 M- 3 2 1 2.7 

3. ThG learning activities are ^appropt'iate 

* to -facilitate learnirig. . 5 U 3 2 1 3.9 

4. The audio-visual materials are appro- 
priate to facilitate learning. ' 5 4 3 2 1 4.1 

5. -The test quest ionb are appropriate 

measkires of the objectives. 5 4 3 2 1 3.7 



5 4 3 2 1 3.4 



6. The format of the module made it easy 

to use. ^ — 

^ . > f ■ ^ 

7. The level of reading difficulty and | 

mathematics required, are approriate 5 4,3 ^ 

foi» the 'students involved. 

8. Overall, this module is very good for * *q o 
^ use in teaching vocational physics. 5 4 3 2 1 3.3 
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•^11. SUMmRY 

III. A. DISSEMINATION EFFORTS -/ 

Since thjB beginning of the project, efforts have been made 
to make *the objectives of the p#63ect known to vooatloiial ' 
physios Instructors and educational admlnistratprs. Part of the^ 
efforts were In the f oiro of correspondence to those persons at . 
bbth^the post-secondary and secondary level. The efforts other^ 
than t)rlvate correspondence aiJe listed bel.ow, ' ' 

1. Talk entitled '^I^ysics f or ^he Vpcational Student^' at ^ 
the annual ChrlstTrtLs Conferehee on. Rece nt Advances 
Phvslcs > Chapel Hill, N. C, , ;December , 1974. Audience 
of approximately 50 persons mostly secondary and college 
physics teachers. i 

2. The first three modules w^fe 'exhibited at the National 
Science Teachers Association ^convention in Los Angeles, 
California in March, 1975. 

\J ' 3. Session entitled "Modular Instructional Materials in ' 

Physics for the Vocational Studenl^'' at the 6RU Conference 
on April 24 - 25, 1975. Audience of 30 public school 
' ' . and community college administrators. 

4. Talk entitled "Modular Materials" at the North Carolina 
Department of Community College^ spring coriference in 
May, 1975. Audience of approximately 15 community 
co]]^ege instructors . ^ 

5. Article entitled "Riysics and/Metaphysics" in the June, ^ 
1975 issue of the Community College -Revi ew. 

6. Exhibit with description of project in Washington, DX. 
ai U.S. Office df Education during week of September 

28 

.9^ ' 24 



■■(' ' '■ 



21, 1975y 

Talk entitled ''^Hiysios for the Vocational Studpr^c^" at 
the North Carollnk Science' Teacherei Associatiirr 



conference in Charlotte » N.£. on November ^ 1^/5. 

t 

Audience of apprbxinfately 15 secondary scleai^^^cners 
Session entitled ^'Modular iristructiQRai rint^pn , 1 r ] 
Physics for the Vocational Student"' at the ORl ^ 
Conference on April 1,5 - 16, 1976. Audience of 
public school and community college admijiistrsto^R'' 
Approximately 20 sets of the module^ Were distributed- 
at this conference. v 
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Inter^-iews vin^^ •il^dents and insti!tc"i::t)rs ixsing the materials 
aj^" €he evnluation flatri summarized in Taiales : through XII 
■ ^y^'" a led sm\^ faults thart. Should 'be. correct eti.. 

1. - Some^ cone- ^ Introduced 6uch as- th eag ' e tica^ and actual 

mechanica idvarita^ are .not obviousLy useful to the 
strudefit ^tfjp^hauld oe omitted. 

2. The read±||^ ability i*equli?ed of the dntudents i& too high. 
The style of writing should be chang&d to shorter 
sentences and more reiteration, "* 

3. 3^ey are too , marnematical. Some unneiiessaiy math needs 
\ to be eliifiinated and more practical problems should be 

added- where the math is essential. It sh o&ld be rtotecL 

« ■.. , • " 

■ ^ ' *- 

■ > ■* • . 

that two" of the modules, THERMOMETERS and RADIATORS are 

. 'I 

- complete ' non-mathematical. . ^ 

.4^. Some pf^ the'. ''modules Cover too much material. They shouijld 
be divided into two 'or th^'ee shorter modules. ^ ; 

V ■ ■ ■ , . 

SJ Th^re is 'insufficient feedback to the ^student , More 
self- correcting review jjuest ions need to be included. 

6. The instruction for the laboratory exercises are not well 
written. Too much instructor assistance was needed. 

The pilot test- also showed that in spite of its shortcomings, 
the materials are a worthwhile departure from traditional physics. 
High initial student interest supported the contention that the 
vocational student prefers an application oriented approach. The 
data of Table VI indicate that the unconventional laboratory \ 
exercise worked very weJLl. " The lack of priecise control of all 
variable's did not seriously affect the validity Qf the 

. 30 , 
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exiKxdiiiental ^^^^^^l^^^* Student ascfl iinstrucrcjir it npmnse- to the 
sdiuf^d/illde pi [M^^Mmt: jobs positive/ 

. Two urmntlcllMited problems a iii a c that sevweely limited the 

/ ■ > _ / ■ 

amount of pilot tMt data collected* ^ 

1/ The materials do not ada^pT well to tt»aditloBBl qlass- : 

room teac±ilng techniques, Hiey' are ijjcividuaLLized 

material and must be used with appropriate facilities 



and manoBBment techniques » 



2. The materials are technologically ori«ited» They are, 
in many pases, as new to the instnictor as t^y are to 
the student. Instructors without appropriate back- 
grounds will have difficulty with same of th^ modules. 
These problems seem to suggest that the* pilot test lisBtructors 
shduld not have been chosen ai: random and/or they should have 
been given ,lTiore^. extensive preparation during the workshop*. 
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In order to corr*=:-?t the faulrs found ^ith the materials 
'and to further develoi the strong points, the follc3winr 
recommendations are mnir 

1. Shorten the ntx^S* .mB to student hours eaen. Longer 
modules can be r-wrltten as two or three shorter modules. 

• (See Figure 1 * 

2. Develop shojrt:, 5 hour auxiJLiary modules on matj^^atlcs, 
the metric syo^^ and graphing. (See Figure 1) 

3 . Lower the reading level required and eliminate all math 

y 

not absolutely essential. 

■ ' . • ' ^ V 'V 

4. Simplify the laboratory exf»rcises and include ^ore 

^ Retailed instructions . 

5. Include more self -jsorrecting review questions. 

6. Add more audio-visual materials. 
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FiRnw I PROFISED LAYOUT Or f Vli^l flODEES 



Indepalient 

Modul4 ^ Elwtrical 

'if ■ , 3i£ Ml) 

i . : 



« 



Modules 

With 

Pre- 

Requisites 



MA 



The 

1 Alternator 
(M3th) « 



ME 



The Jack 
»art I 
JoMftth) 



'MA 



Electrical 




The Jjck 


*Meters 




.Bart II 


(Matt) 


« 


Iteth) 



1 ^ 




Auxiliary ModuJcs 
f^tb 



MA, 



Metric 



System ^'m 



Graphijig" 



' '7 

Hie ThemiomettP 
. 'ftfft I 
\.m Math) 






G , 






' The Thewioinetif 
Part 11 
" (No Math) 




tI( UMitor 

fliiMi ' 



\ 



la; D. Hlft^N^^^FTf T^TT^ IttOJECTIONS 

The Occupational Research Unit: j^rant totalled $26,:-i00. 

The COSH of the project was primarily in salaries for tlic project 

( Mreotor and a secretary and tithe reproduction of prlnt^ed - 

'M i ' tt rlg±g Mid audio-^eual matc^rials for the pilot test. • The 

I' eost of usinp the mare rials will be much less than the 'research 

cost. The apjiroxinwte cost of ,e gulping a laboratory to/use all 

the moduli is indimted below. /The cost of supplies -^nd / 

equipment HO<«mally found in a physics laboralrory or. learning 

resdurce center is not Included.' 

MOBELE * " , EQUIPMENT SOUND/SLIDE PROGRAMS 

Jacks ' $^50 $ 34 ; ' 

' • ThFTTTiameters 330 31 

Alterpators ^1'^ 47 

Pool table 455 23 

Radie/tor 95 20 

Total $1245" ♦ $155. , 

The tctal'c'^sr, -ot including the mo dule p rinting costs, is 

$1400 for ^quipme^-t/and s 3und/sl idp rrograms for a class size of 

students^ 

The xevel o^ instn: -:^tion anc' subject matter presented make 
• the modules appropriate ^or the ^rxidents in a wide variety oT 
vocational curricuxa in the CoironunlTy College System and in the • 
secondary schools , . ' 
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A^PDSJIX I 



PRE-REQUIEITE.'^ A«E OBJECTIVES 
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APPENoix I. A\ |JAC|KS 

PRE-REQUISITES y ^ * 

i Bef oi?e jbeginnlng this module tiie student should be able fo work 
following types of mathematical problems. 

G^vetp, several numbers, calculate the average of their vjalues. 

Given the diameter, of a "circle , calculaj:e its area and 
circumference. 



the 



1. 
2. 

3. 

^. Make conversions between the fdllowing units: 



Given the diameter and height^ of ^soylinder, calculate its 
lateral Surface aziea. 



(a) ,|nches - feet 

(b) ickinces - pounds 

(c) grams - kilograms 

The student should also be able tb read the scale of an English/metric 
rule iind the scale of a spring balance. 

OBJECT^S 

After ^jBompleting tlii^s module, the student should be able to r^ecognize 
the definitions and applications of the following terms. Testing will be by 
multiple choice questions. 



1. 


Weight 


11. 


Friction 


2. 


Simple Machine / 


12. 


Efficiency 


3. 


EiGver 


13. 


Torque 




Inclined Plane 


1^. 


Stress 


I- 


Hydraulic Press 


15. 


Tensile Stress 




Actual Mechanical Advantage 


16. 


Compressive Stress 


7. 


Theoretical Mechanical Advantage 


17. 


Shear Stress 


.8. 


Work ^ 


18. 


Ultimate Strength 


9. 


Pressure ' ^ ^ 
Energy 


19. 


Elasticity 


10. 


20. 


Safety Factor 



The student should also be able to solve numerical problems involving 
the following quantities. 

1. Actual Mechanical Advantage 

2. Theoretical Mechanical Advantage 

3. Wqrk , • 
^. Pressure 

5. Efficiency 

6. Torque 
_7. S^ess 

The system for assigning grades to levels of performance will be 
■determined by the ipstructor. 
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appi;ndix t, b, , tilermometers 



PRE-REQU3;SITES , 

The* students should be able to read the scales of the following 
instruments. 



1. 


metric rule \ 


2. 


mercury- in-glas^ 


3. 


Bourdon pressure 


■.'+1 


millivolt meter 


5. 


ohmmeter 


6j 


milli^mmeter 


OBJECTIVES 


1 
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After complying this module the sttident will be able to do the 
following. • 

A. Use moleculai'* theory to describe the differences between 

1. heat and temperature, and 

2. solids, liquids, and gases. 
Testing will be by\nultiple choice questions. 

B. Describe the construction and operation cjf. ' 

1. a bimetallic thermometer, 

2. a liquid- in-glass thermf;?neter , ' - 
3/ a constant volume gas thermometer ^\ 

, * . a constant pressure gas thermometer 

5\ a thermocouple thermometer, and 

A ■ ■ « 

■ >/ • e 

6. a thermistor thermometer. 
Testing will be by discij§*ion questions. ' • 

The system 'f^^r assigning grades to levels of performance will be 

•L ' • 

i 

determined by the instructor, v * 
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APIT.NPIX I. C. TUT ALTEIMTOR ^ • 

pri>rj:quisitks . . 

V Before beginr>ing the module, the student should be, able ta work 
the following types tff ma'thematical problems. . . \^^^^ 

\. Given two whole number^ >c61culate their product. 
'2. Given two whole rtUmbers, ohe a dividend and one a divisor, 

calculate the quotient. 
'3. Given tWo decimal fractions, -calculate their sum. 

4. Given two decimal fractions , calculate their differences. 

The student shoul,d also be abl^ to read a mercury-in-glass 
thermometer; 



OBJECTIVES 
A. 



After completing/ the module, the student will be able to 
recognize th^ definitions and applications of the follow- 
'ing. terms. Testing will be by multiple choice questions. 



1. 


electric pot-ential 


13; 


diode i 


2. 


electric ^current 


W. 


alternating current 


3. 


resistance -j 


15. 


direct current 


^. 


volt 


16. , 


oscilloscope 


5. 


ampere . 

ohm .' J 


17. 


ienergy 


6. 


18. 


power 


7. 


voltmeter 


19. > 


joule 


8. 


ammeter 


20. 


watt 


9. 


ohmmeter 


21. 


series circuit 


10. 


magnet 


22. 


. parallelN^ircuit 


11. 


generator 


23. 


torque 


12. 


' alternator 


• 24. 


efficiency 



The 



student will be able to name the factors that 



1. determine the resistance of a material, 
' ^ ' 2*. determine the strength of an electromagnet, and 

3. determine the size of aji induced vol-feig^. 
' Testing will be f ill-in-the-blank questions. 

C. The student will also be able to solve numerical problems 
involving the following quantities. 

C 1. electric current . ' 

2. voltage ' ' 
' 3 . resistance 

4. energy 
^ 5 . power 

The system fc/r assigning grades to levels of performance w:^r^ 
determined by. the instructor. 
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ABIENDIX I. D. ^ THE^ POOL TABLE . / / . 
PRE-REQirrSITES 

Before beginnirig this module , the student should be able to 
work t±» following types of matheijfiatical problems. 

1. Given two decimal numbers, calculate their sumT" their ^ 
difference, and their product. - * 

2. Given a measurement in. millimeters , convert it to meters. 
The student should also be able to read the scale of a metrid 

3LJECTIVE3 

A. After completing this module, the student will be able tp 
recognize the definitions and applications df the following 

^ quantities and the factors that determine their magnitude^ 
ing will be by multiple choice questions. 

1. velocity mass 

2. acceleration 5. momentum 

^ 3. force 6. kinetic energy 

B. Tho student will also be able to, explain the results of 
certain collisions in terms of the concepts of:^ ^ 

1. conservation of mofnentum, and ^ . 

2. conservation of energy. ' » 4j»^1^' 

Testing will be by discussion questions; 
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^mUDIX I. E. t he' RADIATOR . ' ^ 
PRE-REQUISITES . 



Before beginning the module the student should be able to read 
the Celsius scale of a mercury- in-glass thermometer. 
•OBJECTIVES • - ' 

* A. After completing the module the student will be able to 

recognize the definitions and applications of the following 



tenns. Testing will be by multiple choice questions. 



1. 


radiator 


6. 


radiation 


2. 


heat exchanger - . 


7. 


thermal con^luctivity 


3. 


thermal energy (heat) 


8. 


convection 




temperature 


9. 


specific heat 


s. 


conduction . ' 




The 


student will also be able 


to 


name the factors that 



heat transfer by 

1. conduction * 

2 . ^di^ioh 

3. convection 



« Testing will be by f ill~in-the-blank questions. 
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APPENDIX II. A. . 

INSTRUCTOR CHECKLIST FOR INDIVIDUAL MODULES 
Instructor's Name ' Module 



1. The module objectives are adequately 
^ stated. 

2. The written materials are sufficien|: 
for students to meet, the objectives. 

3. Tlie learning activities -are* appropriate 
to facilitate learning. 

^. The audio- visual materials are appro- 
priate to facilitate learning. 

B. The test questions are appropriate 
measures of tlie objectives. 

6. The format of the :module made ^t easy 
to use. 

7. The level of reading difficulty and 

^ ijiathematics required are appropriate 
for the students involved. 

S. Overall, this module is very good f^i^^ 
use in teaching vocational physics. 

0., My suggestions for improving this module 
and the audio-visual materials ^re: 
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AIM'liNDJX IJ . H. 
STlini-NT CHECKLIST 



MODULE 



Select the response that matclie.s the way you teel tho que&tion sliou.ld 
nnswt^rcd. Do not put your name on this fjaper. 



1. Did you understand the objocitives oT tlie 
module V 



2. Do you think '/ht* objectives ar(^ worthwhile';' 



Was ;l:he module easy to read? 



Was the reading interesting;? 



Were tlie lab exercises worthwIiileV 



Was the Inb equipment appropriate';' 



Did the ecyuipment work W'jI] V 



S. Were you able to do tlK\ ca.leulatious 
involved? 



'J. Were you able to use tliis module without 
a lot of help from your traclierV 



Did t]ie audio- visual materials hcl;) you' to 
ujiderStaiul tbe uonc*ei:)tsV 



11. Did till* test l it the ob:ieotiv(^s V 



12^. Will the knowled.^ie that you [.!;ained from 
. tliis 'iiuxlul e he]p you in your vocation? 



03 



3, o 



o 



you su}.';si;(.'St any way in wliich the module can be ch^ni^ed to mnk^ it 
better? Com lent oj; the readinj^^ material, lab exercises, lab equipnc^nt, 
A-V materials, and test. QJse back of slieet.if more fJpnoe is needed.) 
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